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Abstract Background, Airway responsiveness to in- 
hated nonspecific bronchoconstrictive agents has been 
demonstrated in normal, healthy infants. However, it is 
unknown whether ainvay responsiveness is present from 
birth OTi if it develops as a result of subsequent Insutts to 
the respiratory tract To investigate this questkm. we as¬ 
sessed airway responsivertess in 63 normal infants at a 
mean age of weeks. 

Methods. Respiratory function was measured with 
use of the partial forced expiratory flow-volume technique 
to determine the maximal flow at functional residual ca¬ 
pacity The infants Inhaled nebulized hisUunine 

at sequentially doubled corx^entrations (0.125 to 8.0 g per 
liter), until a concentration was reached at which the 
fell by 40 percent from the base-line valOe (PC 4 o) 
or until a concentration of 8.0 g per liter was reached. 
We also assessed maternal i serum levels of Ig^; cord^ 
serum levels of igE, the infarcts' skin reactivity to several 
allergens^ arKl parents' responsiveness to histamine 


and obtained family histories of asthma and smoking. 

Results. Airway responsivene^ was increased in ky 
|antswfthaf»n^M^^ »19;me(ianP(^ 

%78 g 05 percerif^nfidence intervatj 0.44 to 

1i15; P<Qi01). parental smoking (n » 13; median PC40. 
0.S2 g per Jtter; 05 pwcem confi^^ inlerval, 0i43 IP 
&40; P<0.05>, or both (n « 20; mecfian PC40. 0^ g 
per Her, 05 percent confidence interval, 0.37 to 2.10; 
P<0.05), as conr^>ared with the infants with no family his¬ 
tory of asthrna or srnoking. The infants with no family histo¬ 
ry of asthma or smoking had a median PC 40 of 2.75 g per 
liter (95 percent confidence interval, 1.48 to 4.D0). No sig¬ 
nificant relations were detected between the immunologic 
variables and the PC*© in the infants. 

Conclusions. This study indicates that airway respon¬ 
siveness can be present e^ in life and suggests that a 
ISat^ty hi^oryof asthma or parentei smoking contributes to 
abated levels of airway responsiveness at an eariy age 
(N Engl J Med 1991; 324:1168-73) 


ALTHOUGH asthma is considered to result from a 
XL complex interaction of genetic and environmen¬ 
tal influences, there has been little recent progress in 
determining their relative contributions.' Recent de¬ 
velopments in the measurement of respiratory func¬ 
tion in infants^ have allowed inhalation challenges to 
be used in this age group in ordbr to obtain objective 
measurements of airway responsiveness (the ability of 
the airways to constrict in response to certain stim¬ 
uli) This technique is of particular interest, since 
airway responsiveness is the most useful 1 objective 
physiologic measurement associated with the presence 
of asthma.' 

The first inhalation-challenge studies in older nor¬ 
mal infants, in which investigators used methacho- 
line,^ cold, dry air,^ or histamine,^ indicated that air¬ 
way responsiveness was present in infants during the 
first year of life. Two questions have arisen from these 
studies. First, how early in infancy is airway respon¬ 
siveness present? It has been speculkt^ > that persons 
with asthma are not bom with heightened airway re¬ 
sponsiveness but are bom with a tendency to in¬ 
creased responsiveness after an insult to the respirato¬ 
ry systemi'’’ Second, is the initial level of airway 
responsiveness the same for all infanu, or do genetic or 
environmental influences, or both, result in differing 
leveb of responsiveness at birth? Specific environmen- 
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tal features, such as viral infections, irritants, and al¬ 
lergens, affect airway responsiveness in older children 
and adults,* but their influence on airway responsive¬ 
ness in infants is unknown. 

To investigate these two questions, we undertook a 
prospective, longitudinal study to determine the presr 
cncc and Itvcl of airway responsiveness and its rela¬ 
tion to a family history of asthma or parental smoking 
in 63 normal infants^ This report presents our findings 
at the first assessment of the infants, at a mean age of 
4'/2 weeks. 

Methods 

Subfoct* 

Sixty*lhree infants, 24lgirli and 39 boys, were studied at a mean 
age of iVi weeks (range, 2 to 10). The criteria fbr inclusion were ftill- 
term gestation and an absence of perinatal i problems and major 
congenital anomalies. At the time of the assessment, none of the 
inianu had previously had a tower respiratory tract infection or any 
clinically important nonrespiratory illness. No infant had had an 
upper respiratory tract infection in the preceding three weeks. All 
tnfsnu were well at the time of the study,. 

The families of all the infants were recruited randomly at the 
prenatal dinic at Osborne Park Hospi tal, Pcrih^ Wes tern Australia. 
This is a peripheral metropoliun bmpiul with 2000 deliveries per 
yeari The recruitment procedure began with an interview %rith the 
mother during a routine prenatal visit, at which time she was given 
>vritten information on the family involvement that would be re¬ 
quired during the proposed 12-monih study period. One week after 
the interview, each family was contacted by telephone to determine 
whether they would agree to participate in the study . Signed parent 
tal consent was obtained for all I infants. Over a 12-nKmth i period, 
241 mothers were interviewed' and 63' (26 percent) consented to 
participate. The study was performed with the approval of the 
medied ethics committees of Princess Margaret Moipital and the 
University of Wntem Australia^ 

Details of respiratory illness and atopy in the family and parental 
smoking habits were obtained with use of a modified American 
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Thoracic Society questionnaire* administered by a single investiga¬ 
tor. The 63 infants were divided into four groups on the basis of 
their family histories of asthma and Iparenu) ismoking, Those classi¬ 
fied ias having a family history, of asthma were those whose parents 
reported asthma in primary relatives (the parents and siblings of 
the infant) or secondary relatives (grandparents, aunts, and uncles). 
Infants with a family history of smoking were those whose parents 
reported that either or both had smoked during the pregnancy. The 
four groups were defined as follbws: group 1 (h = II) — no family 
history of asthma in i primary or secondary relatives, both parenu 
nonsmokers; group 2 (in =19) — family history of asthma in pri¬ 
mary or secondary relatives (or both),, both parents nonsmokers; 
group 3 (h = 13) — no family history of asthma in primary or 
secondary relatives, one or both parenu smoked during the preg¬ 
nancy; and group 4!(n = 20) — family history of asthma in primarv 
or secondary relatives (or both), one or both parents smoked during 
the pregnancy. The responses to questions about parental smoking; 
habiu after the infant'i birth indicated that all Iparenu in groups I 
and 2 remained nonsmokers and the smoking parenu in one family 
in group 3 and onein group 4'ceased smoking after the birth of the 
infant. 

AtSMsment 

Responsiveness to histamine was measured in 75 of the par¬ 
ents by the rapid-inhalation technique of Yan et aJ.* To assess 
immunologic influences on airway responsiveness^ IgE was meas¬ 
ured' in maternal and cord serum^® by the Clinical ImmunoU 
ogy Research Unit, Princess Margaret Hospital for Children. 
Forty-seven pairs of samples of maternal and cord serum were 
analyzed. 

Respiratory function was assessed by the forced expiratory flow- 
volume method ^ A jacket was rapidly inflkied at end inspiration, 
and flow was measured from the partial expiratory flow-volume 
curve at functional residua) capacity. The jacket pressure was 
gradually increased over a scri« of forced expirations until maxi¬ 
mal flbw at functional residual capacity obtaincdl 

Flow was measured with a N6. I Fleisch pncumoiachygraph (PK 
Morgan, Chatham, England), a Validynr DP-45 pressure trans¬ 
ducer (Norihridge, Calif ); and a ValidyneCDl9 amplifier. Volume 
valties were obtained by electronic integration. The infant breathed 
through a molded-putiy face mask attached to the pneumoiachy- 
graph. All signals were recorded on a chart recorder (Linearccorder 
F Wt 3801, Graphtec, Tokyo); flow and volume were monitored 
during the study with a Tektronix 5223 digitalizing storage oscillo¬ 
scope (Beaverton,: Oreg.): and recorded on tape (TEAC SR-M);, 
TEAC Corp., Tokyo)i Taped Isignals were transcribed 'to paper on a 
Hewlett-Packard 70WA x,y paper plotter (W'altham, Mkss.). Arte¬ 
rial oxygen saturation was monitored throughout the study with a 
Ncllcor N-200 E pulse oximetcri (Hayward, Calif). Supplementary 
oxygen was administered if arterial oxygen saturation fell bel6w 90 
percent. 

Infants were studied while asleep after they were given a dbse of 
chloral hydrate (80 mg per kilogram of body weight). The minimal 
jacket'pressure required to produce V,—.r»r was etiablishcd. This 
pressure was used in all subsequent forced expirations: Respiratory 
function was assessed before and after the administration ^ nebu*r 
lized saline with an Airiife nebulizer (American Pharmaseal, Valcn** 
eta, Cklif) at 6 liicrs iper minute. This and all other nebulized agents 
were delivered directly to the face mask and inhaled during one 
minute of tidal breathing For the base-line V^.nK:, we used I the 
mean of! the values for five forced exfurations after the administra^ 
tiomof nebulized saline. 

The histamine challenge was carried out by administering se^ 
quentially doubling concentrations of nebulized histamine, ranging 
from 0.125 g per liter to a maximal concentration of 8.0 g per liter, 
as previously deseribedA new concentration was delivered every 
five minutes, and respiratory function was assessed after each, with 
a minimum of five forced expirations at each measurement. The 
challenge was endW'when ;a'response to histamine was recorded or 
when the maximal concentration was reached. A response was de¬ 
fined as a decrease in the mean V^rsc^of ai least 40 percent from 


the base-line value. For infants who responded to histamine, the 
concentration that provoked a 40 percent decrease in (iPG^o) 

was derived by linear interpolation from the plot of the I(^ hisia* 
mine concentration against the percent decrease in from 

base line. The coefficient of repcaubility for a histamine challenge 
to an infant according to this protocol was 3.3 sequentially doubled 
ooncentrauons.'' Wic also determined the dose of histamine that 
provoked a 20'percent decline in the forced expiratory volume in one 
second in the parenu (PD 2 o)* 

Two investigators measured lairway functKNn and determined airr 
way response; one, who operated the equipment, was blinded to the 
infam's family history;, the second,, who recorded data on the in¬ 
fant's chart; had reonitted the panidpanu and completed the fam¬ 
ily-history questionnaires and was therefore aware of the family 
history,. Because the blinded investigator identified changes in pul¬ 
monary function, no bias was introduced into the results 

Skin reactivity was assessed in all linfanu on the same day as; but 
before, the administration of chloral hydi-ate and the subsequent 
hisumine challenge. The allergens used were DmPwl^Aa^otdlfj/tfri- 
aor, perennial ryegrass polfon, cow’s milk, and egg white (Hollister- 
Stier, Elkhart, Ind.). A positive response was defined as a wheal' 
2 mm or more in diameter. 

Statistical Antlytli 

Differences in base-line values for and PC 4 r) >n)ong the 

groups were analyzed with use of the Manrr-Whitney U lest .*^ The 
median and confidence interv'als for the median were determined 
vrith use of the Confidence Interval Analysis microcomputer pro¬ 
gram All values for IgE underwent logarithmic transformation 
before analysis. Within each family-history group, regressions were 
used to determine the relation between maternal serum IgE levels 
and cord-serum Igp levels, maternal serum IgE levels and 
and cord-serum Ij^E levels and PC^q. Maternal serum and cord- 
serum IgE levels in the grouj» were compared with use of Student’s 
unpaired (iiwo*uiled):t-test. 

Results 

Descriptive datafor the groups of infants are shown 
in Table IL The infants in group 3 had a significantly 
Ibwer mean birth weight than those in groups 2 and 4. 
All the mothers of infants in group 3 smoked during 
the pregnancy. Among the infants in group 4; 16 had 
mothers who had'smoked during the pregnancy and 
4 had fathers who had smoked during this time. There 
were no significant difierences between! the birth 
weights of infants in group 4 whose mothers had 


Tabte 1. Characteristics of the Subjects According to Family- 
History Group.* 


Gmour 

iUlTH WiICKt 

Aff 

WuCMTt 

em 

Aoit 

•4 

Sei (F M): 

Groap 1 
(A « 11) 

3.4±0.5 

4.S±0S 

54 l±2.7 

3.lil.9 

6:5 

Group 2 
(ft - 19) 

3.6±0.St 

5.l±0.7 

55 li2 S 

4.112:2 

6:13 

Group y 
(ft - 13) 

3.1:±0.4 

4.7±09 

53SZ3.2 

4.512:2 

5:8 

GhMip4 

(ft ■ 20) 

3.5±0.5I 

4.fi0.7 

54.312.7 

4.611.9 

7:13 
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poop one :pwrMwlK>iinakedtf^^ mprawp 

4 Md • fMniiy hiMvy of iMhini aarf « Icmi ow fwvM w«» 
tAi liK twK of mdy, 
tF<0.005 tar iir roiw|«riin» ivah proiip 3. 

|F<0.(a tar tar vM pomp 3 
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smokfd and those of infants whose fathers (but not 
thek mothers) had smoked or those of the infants in 
groups 1 and 2 . 

Base-line lung function for the groups is shown in 
Figuie 1. Base-line is expressed as a percent¬ 

age of the predicted value, which was basedi on the 
predictive equation of Tepper el al.*^ The four groups 
did aot dinbr significantly in base-line lung function. 

Figure 2 shows the responsiveness to histamine in 
the fi>ur groups. Individual values for PC^o ^re given, 
along with the median value of PC 40 for each group. 
Infaats who responded to the first concentration were 
classified as having a PC 40 of l^s than 0.125 g per liter. 
Thott who had not responded at a concentration of 
8.0 g per liter were classifiedlas having a PC 40 of more 
ihanS.O g per liter. PG 40 valbcs were not obtained for 
three infants; two were flow*limitcd at base line (i.e., 
forced expiraiorv' flbw was no greater than tidal ex¬ 
piratory' flow) and therefore were not challenged with 


250 H 


200 



Group 1 Group 2 Group 3 Group 4 


Ftgm M Individual Base-Line Values lor Expressed as a 

Percentage of the Predicted Value f 6 r> Each Group. 

The groups were defined as follows: group 11 — rx> family history 
of «thma, both parents nonsmokers; group 2 — family history of 
astfwia. both parents nonsmokers; group 3^ no family history of 
asflnna. one or both parents smoked; group 4 — family history 
of asthma, one or both parents smoked. The horizontal lines show 
the median percentage of predicted Ifor each group. Pre¬ 
dict values, derived with the predictive equation of Tapper et 
al.,'^are based on the infants’ heights; since or>e infSnt’s height 
was not measured] only 19 data points are shown. 


>6 — 
8-1 



Group 1 Group 2 Group 3 Group 4 


Figure 2. Individual Values for the Histamine Corx^entfations That 
Provoked la Decrease of 40 Percent in (PC 40 ). 

The groups were defined as in Figure 1. The horizontal lines show 
the median PC 40 for each group. Two infams in group 2 had base¬ 
line flow limitation and therefore could not be challer»^ with 
histamine j No PC 40 value could be determined for one infant in 
group 4, in whom excessive upper-airway noise developed, 
rtecessitating discofttinuation of the challenge. 

histamine (Iboth in group 2 ), and in the case of one 
infant in group 4,, the challenge was discontinued 
when upper-airway obstruction developed. Infants in 
group 1, who had a median PC 40 of 2 75 g per liter (95 
percent confidence interval; 1.48 to 4L00), were signifi¬ 
cantly less responsive than those in group 2 (median 
0.78 g per liter; 95 percent confidence interval, 
0.44 to 1.15; P<0.01), group 3 (median PC 40 , 0.52 g 
per liter; 95 percent confidence interval, 0.43 to 5.40; 
P<0.05), and group 4 (median PC 40 , 0.69 g per liter; 
95 percent confidence interval, 0.37 to 2.10; P<0,05). 
There were no significant diflerenccs among the val¬ 
ues for PG 40 in groups 2, 3* and 4. 

Of the 33 infants who had one or more parents who 
smoked during the pregnancy (groups 3 andi4), only 
4 had fathers who smoked and nonsmoking mothers. 
All four were in group 4, where a family history of 
asthma was also present. We were therefore unable to 
determine the effect of paternal smoking alone. 

Because there were more boys than girls in the 
group as a whole and because there was a particular 
disproportion in groups 2: and 4, comparisons of air¬ 
way function were made on the basis of sex. No signifi¬ 
cant diflerenccs were found in either base-line lung 
function or airway responsiveness between boys and 
girls in the entire group of 63 infants or within the four 
family-history groups. 

Of the 63 infants ini whom skin reactivity was asr 
scssed, 7 had a positive response to one allergen and 
1 had a positive response to two aUergens. Responses 
were rccordWi for each of the four allergens and 
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Group! Group 2 Groups Group 4 


Figure 3. Doses o4 Histamirie That Provoked a Decrease of 20 
Percent in the Forced Expiratory Volume in One Second in 75 
Parents of infants in the Four Groups (PDjd) 

The groups were defined as iin Figure 1. Drdes indicate mothers, 
and triangles fathers 

among infants in al! four groups; There was no rela^ 
tion between the incidence of skin reactivity and the 
degree of responsiveness at this age. 

Fourteen of the 75 parents who were tested re¬ 
sponded to inhaled histamine. The distribution andi 
level of response (PDjo) for parents of infants in each 
of the four groups are shown in Figure 3. There was no 
relation between the level of parental responsiveness 
to histamine and the infant’s PC 40 . 

For the group as a whole, a significant positive cor¬ 
relation was found between the maternal serum IgE 
level and the cord-scrum IgE level (P<0.0il). When 
each family-history group was analyzed separately, 
however, this relation was not observed. No signifi¬ 
cant correlations were found between the maternal 
serum IgE level and the infant’s value for PC 40 or 
between the cord-scrum IgE level and PC 40 , cither for 
the entire group of 63 infants or for the four family- 
history groups. There were no significant difTerenccs 
among the groups in cither maternal venous scrum 
IgE levels or cord-senim IgE levels (Fig. 4). 

Discussion 

The results of this study demonstrate that airway 
responsiveness to inhaled histamine is present in 
many normal, healthy infants soon after birth. We also 
found that the level of airway responsiveness in early 
life was increased if there was a family history of asth¬ 
ma^ parental smokings or both. 

The development of techniques for assessing airway 
function in infants has madb possible the study of air- 
way responsiveness in the first two years of life, a 
period during which children had not been studied 


previously. Prcndivilie ct al.^ showed that infants with 
recurrent whcezincss were responsive to inhaled hista^ 
mine. This study was followed by the work of Tepper 
with mcthacholinc,^ Geller ct ai. with cold, dry air,^ 
and Lc Soucf ct all with histamine,® which demon¬ 
strated that the airways of normal, healthy, asymp¬ 
tomatic infants were responsive to the same bron- 
choconstrictivc agents routinely used in testing older 
children andi adiilts, Ini these studies,^ infants were 
studied well into the first year of life, at mean ages 
of 8^1 months, 5,6 months, and 7.8 months, respec¬ 
tively,. We wished to investigate whether airway re¬ 
sponsiveness could be detected in very early infancy. 
Therefore, in this study we assessed infants at a mean 
age of 4^/2 weeks, with some only 2 weeks old. A re¬ 
sponse to histamine was observed in all but 5 of the 63 
infants This finding indicates clearly that airway re¬ 
sponsiveness is present very early in life, and it is not 
unreasonable to suggest that it may be present from 
birthi 

Another reason for studying infants so early in life is 
that with increasing age the eflect of a number of 
environmental insults to the airway is likely to in¬ 
crease. These irritants include exposure to cigarette 
smoke, exposure to allergens, andTcspiratorv’ tract in^ 
fcctions; These respiratory insults arc known to in¬ 
crease airway responsiveness in older children and 
adultSj’ and it is possible that they also affect airway 
responsiveness in infants. Therefore, when airway re¬ 
sponsiveness is assessed in middle-to-late infancy, 
exposure to these environmental factors makes ii diffi¬ 
cult to extrapolate the initial level of airway respon¬ 
siveness. Studying infants soon after birth should help 
to minimize, but will not eliminate, this problem. 

We found that the level of responsiveness to hista¬ 
mine in infants was related: to the presence or absence 
of a family history of asthma. This finding suggests 
that the initial level of airway responsiveness may be 
genetically determined. A genetic cffeci on airway re¬ 
sponsiveness in later life has been established in stud¬ 
ies of twins'® and i of the families of persons w ith asth- 



Figure 4: IgE Levels in Cord and Maternal Venous Serum. 
According to Famity-History Group: 

The groups were defined as in Figure 1. Qg{^nj>ar$ indicate mean 
cord-serum I levels^ and hatched barsmearT maternal venous- 
eerum levels. The T bars indicate the standard deviation. 
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Studies have shown a higgler concordance 
for asthma and atopy in monozygotic twins than in 
dizygotic twinsJ^ Furthermore, other studies have 
shown a significant relation between a history of asth¬ 
ma in parents and siblings andl the development of 
asthma in early childhood.’® *® Our study indicates 
that a history of asthma in primary or secondary rela¬ 
tives, or both, influences the Ifcvci of airway respon¬ 
siveness at an early age. 

We also (bund that airway responsiveness was iiv^ 
creased in infants whose parents reported smoking 
during the pregnancy. Population-based studies of 
airway responsiveness have found an increase in air¬ 
way sensitivity among childi^en with asthma whose 
mothers smoked. Martinez ct al." recently reported 
that exposure to tobacco smoke enhanced airway re¬ 
sponsiveness in nine-year-old children; bronchial hy- 
perresponsiveness was present in 70 percent of the 
children whose mothers smokedi regularly during the 
pregnancy, but in only 29 percent of the children 
whose parents did! not smoke during the pregnancy. 
Since these investigators did! not find an overall asso¬ 
ciation between airway responsiveness and current 
smoking by the mother, they suggested that fetaUcxpo- 
sure to tobacco smoke may have had an important 
effect on airway responsiveness^ Our study alk> dem¬ 
onstrates an association between parental smoking 
and the level of airway responsiveness in early infiin- 
cy, although we are unable to separate the effects of 
prenatal and postnatal exposure to cigarette smoke. 
The effect of continued postnatal exposure on the 
base-line level of responsiveness and on the subse¬ 
quent development of the symptoms of asthma is un¬ 
known. Moreover, we have not'reported the amount 
of smoking, since it is widely recognized that the rela¬ 
tion bet ween the level I of smoking reported by parents 
and the actual Ibvcl of passive smoking by the fetus or 
infant is poor because of underreporting by parents, 
variations in ventilation in rooms and I houses, and dif¬ 
ferences in the distance between the smoker and the 
infant. 

Basc-Hne lung funciioni expressed as a percentage 
of the predicted significantly 

among the four family-history groups* and no correla¬ 
tion was observed between base-line lung function and 
PG 40 . These findings arc in agreement with those of 
studies in humans^**^^ and animals^*-^^ that have sug¬ 
gested that the caliber of the airway at base line may 
not be an important factor in responsiveness. 

Many studies have been conducted to determine the 
uscfiilncss of scrum IgE levels measured at birth and 
during infancy in predicting the development of atopK 
ic diseases, including asthma,, and skin reactivity.^’* 
These studies have indicated that a high IgE level is, 
in generali associated with atopy; however, all inves¬ 
tigators have noted a wide range of IgE levels, 
with considerable overlap, between subjects with and 
without atopy. Ih our study, the infant's IgE level 


did not predict the initial level of airway respon¬ 
siveness or skin reactivity, eiihcr for the group as a 
whole or for the four family-history groups individbal- 
ly. This Ikck of relation between atopic markers and 
airway responsiveness may be due to the fact that the 
infants were assessed before sufficient exposure to al¬ 
lergens had occurred I Bryant and ! Burns,in a study 
of the relation between atopic status and airway re¬ 
sponsiveness to histamine, found no correlations be¬ 
tween scrum IgE levels and the number of positive 
skin-prick responses or the level of airway responsive¬ 
ness in a group of adults with asthma and normal 
adiilts. 

Correlations have previously been found both be¬ 
tween IgE levels in parents and those in infants^ and; 
belwcen a family history of atopic diseases and the 
infant’s IgE level” We found a significant posi¬ 
tive correlation between maternal and cord-scrum IgE 
levels for the group as a whole, but these two measures 
did not discriminate among infants with different fam¬ 
ily histories. These data suggest that allergic markers 
arc not strongly related to the initial level! of airway 
responsiveness at this age. Because these infants arc 
part of a longitudinal study, the potential rofo and 
relative importance of these immunolbgic markers 
may be clarified as they grow oldtr. 

In summary, we found that airway responsiveness 
to inhaled histamine was often present in normal, 
healthy, asymptomatic infants early in life. We sug¬ 
gest that responsiveness is present from birth and is 
determined both by inheritance and by exposure to 
parental cigarette smoking. The relation of this initial 
Ibvel of airway responsiveness to future levels of re¬ 
sponsiveness, respiratory problems, and immunologic 
markers after exposure to environmental insults dur¬ 
ing infancy remains to be darificdl 

We are indebted to the staff of the prenatal clinic and the State 
Hbahh Patholog)' Laboratory at Osborne Pirk Hbspital for their 
assistance; to Raren Krska of the Clinical!!mmunolog>' Research 
Unit, Princess Margaret Hospital for Children, for performing the 
IgE assays; and to Amandk Rteese, B:Sc., and; Debra Turner, 
B.Sc.(Hons.); Department of Respiratory Mirdicine, for technical 
assisunce. 
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